The volatile oil compositions of Thymus pannonicus All. from nineteen different localities of Hungary were analyzed by GC/MS. The essential oil content of the Hungarian thyme samples varied between very low (0.14 mL/100 g DW) and fairly high (1.9 mL/100 g DW) values. Significant essential oil polymorphism was found: altogether twelve chemovarieties may have been determined, representing a way of adaptation to different habitat conditions. The main volatile compound of chemotype 1 was thymol (24.6-67.5%), while in the case of chemotype 2, thymol (36.5-63.7%) and p-cymene (11.5-27.3%) predominated. Thymol (28.4-63.7%), p-cymene (11.5-31.8%) and γ-terpinene (9.7-20.9%) were identified as the chief monoterpenes of chemotype 3, while chemotype 4 contained thymol (36.5%), p-cymene (27.3%) and neral (11.2%). Chemotype 5 accumulated thymol (38.5%), p-cymene (20.6%), γ-terpinene (12.0%) and β-bisabolene (10.3%) as its main volatiles. The oil of chemotype 6 can be characterized by thymol (41.9%), p-cymene (20.2%), isoborneol (10.3%) and γ-terpinene (9.9%), while that of chemotype 7 consisted of thymol (27.7%), linalyl acetate (18.8%), γ-terpinene (18.6%) and α-cubebene (13.9%). In the oil of chemotype 8, p-cymene (45.0%), geraniol (13.6%) and linalyl acetate (9.9%) were found in higher percentages, while chemotype 9 mainly produced linalyl acetate (36.2%) and geranyl acetate (20.2%). Chemotype 10 accumulated germacrene-D (43.4) and β-caryophyllene (15.0%), while the oil of chemotype 11 contained caryophyllene oxide (45.2%), α-cubebene (15.7%) and linalool (13.8%) in high proportions. Germacrene-D (29.7%), β-caryophyllene (22.0%) and farnesol (10.4%) were identified as main essential oil compounds of chemotype 12. The last nine chemotypes were new for the literature, while the first seven contained thymol as their chief compound. The role of certain sesquiterpenes was found to be considerable.
Wild thyme species occurring in different habitats of the Carpathian Basin are quite variable in appearance and in morphological traits. T. pannonicus All. (Hungarian/Eurasian thyme) is a collective species including three microspecies: T. marschallianus Willd., T. kosteleckyanus Opiz and T. degenianus Lyka [1] . Regarding plant habit, T. pannonicus is a dwarf shrub forming pillowy patches. Its 10-25 cm high, upright shoots are hairy, leaves are linear-lanceolate, and densely covered by volatile oil glands. Flowers are pinkish, blooming in long spikes between May and October [1, 2] . Hungarian thyme is a Pontian-Pannonian floral element occurring in Central and Eastern Europe. Concerning coeno-systematical classification, T. pannonicus is a Festucetalia valesiacae (subcontinental dry grassland) element of generalist character, existing in close rocky grasslands, steppe slopes and lowland meadows [3] . It is frequent in the zone of sub-Mediterranean deciduous forests, as well as in dry habitats. Regarding soil preferences, the species occurs on loose, dry, rocky or rubble substrata covered by sandy or clay soils. It is a rather lime-preferring species with a low-to highland distribution [4] . It has also been established that Hungarian thyme predominantly occupies neutral or slightly basic (pH 6.5-7.65) soils with a high content of humus, Ca and Mg, where the ratio of phosphorus is generally low. It has also been pointed out that the species may appear on soils containing different levels of carbonate, but can be considered as a calciphilous plant [5] .
Wild thyme species are essential oil accumulating plants. Serpylli herba is used either in the therapy of diseases of the upper respiratory tract or as a spasmolytic, antiseptic and antioxidant herbal drug [6] . Current drug standards and pharmacopoeias allow the Natural Product Communications Vol. 5 (10) 2010 1683 11.7-29.9%, respectively) types were noted in Slovakia [11] . A chemotype containing a high level of geranyl acetate in the essential oil was also described in a German population [12] . Moreover, Serbian authors have found a population in Vojvodina province (Pannonian lowlands) with lemon-scented essential oil containing geranial (41.4%) and neral (29.6%) as leading monoterpenes [13] .
The aim of our studies was to determine the essential oil polymorphism of T. pannonicus in native populations, growing on different substrata in 15 Hungarian sites (No. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and in a further 4 localities of the neighboring countries, Serbia and Romania (No. 16-19), in the Carpathian Basin (Table 1 ). We also aimed at examining the essential oil accumulating ability of Hungarian thyme, influenced by different ecological conditions of habitats.
Populations of T. pannonicus were found growing under different ecological circumstances, including natural as well as disturbed conditions. Concerning the parent rock type, Hungarian thyme occurred mainly on calcareous sediments (limestone, dolomite, loess and sand), however, it was also found on acidic sandstone (Hárs Hill type), as well as on volcanic rocks (andesite, rhyolite and rhyolite tuff) ( Table 1) .
In these habitats, only a thin layer of soil had been developed, sometimes involving broken stone as well. Typical soil types were black rendzina, humified sand, and bare soils, the last without real consistency. This wild thyme species could survive and colonize even on loose sandy soils, showing its pioneer character, though, it was also found on nutrient-rich chernozhem ( Table  1 ). T. pannonicus was represented by two microtaxa, T. marschallianus and T. kosteleckyanus, in the plant communities surveyed, where the former was the more frequent.
Hungarian thyme populations were most commonly involved in grassland associations, but they also appeared in shrublands and in the grass mosaic of a pine forest. Dominant elements of these communities were Festuca species, typically associated with T. pannonicus (Table 1) .
According to the soil analysis of Hungarian thyme habitats, we established that the soil reaction ranged from acidic (pH 4.32) to slightly basic (pH 7.99); while the contents of humus (%) and the amount of macroelements (mg/kg) changed between very low and quite high values, respectively ( Table 1 ). The data obtained gave evidence of high ecological tolerance and adaptability of T. pannonicus, this also being previously proven by Mártonfi et al. [7] . Nevertheless, previous studies resulted in narrower ranges of soil data than in our investigations, as the habitats surveyed by us recently represented more diverse pedological conditions existing in the Carpathian Basin.
The essential oil content of the Hungarian thyme samples varied between very low (0.1 mL/100 g DW) and fairly high (1.9 mL/100 g DW), possibly influenced by the habitat conditions. The accumulation levels were usually higher than the standard of the Pharmacopoeia Hungarica Ed. VIII. (Serpylli herba: min. 0.3 mL/100 g DW) [14] , (higher values are highlighted in Table 1 ). This phenomenon is likely to be connected with the generalist character of the species, showing high adaptability to different circumstances. Table 2 shows the composition of the essential oils obtained from samples collected at habitats 1-19. Altogether, thirty-nine compounds were identified in the hydro-distilled oils. The proportion of the total detected compounds changed with habitat between 64.4% and 99.0%. The contribution of the different groups of mono-and sesquiterpenes varied according to the habitats, representing different chemotypes. The proportion of monoterpene hydrocarbons changed between 1.6 and 52.3%, while the ratio of the oxygenated monoterpenes was quite different (0.0-78.2%). The total amounts of the ten sesquiterpene hydrocarbons were also very variable (0.6-73.9%), while the percentage of the four oxygenated sesquiterpenes was the lowest (0.0-45.2%) in the volatile oils analyzed ( Table 2) .
Among the monoterpenes, thymol played an important role influencing the essential oil quality as the chief compound of thirteen populations of different origin (sites No. 1, 3, 4, 5, 7, 8, 9, 11, 12, 13, 16, 17 and 19 A high level of essential oil diversity in T. pannonicus was proven on the basis of samples collected from wild populations. According to the chief compounds of their essential oils, the Hungarian thyme populations investigated could be classified into 12 well-defined chemotypes. 
